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The present invention relates to a high pres 
sure fluid pump and method of making. parts 
thereof and, more particularly, to such appara 
tus adapted for use in fuel injection systems for 
internal combustion engines such as those of 
the "Diesel' type. 
A general object of the invention is the pro 

vision of such apparatus which can readily and 
economically be manufactured in quantity pro 
duction with interchangeable parts, easily as 
sembled and effectively and efficiently used. 
A more specific object of the invention is the 

provision of such pump structure so constructed 
and arranged as to necessitate quite accurate 
fitting between mating parts of plunger struc 
ture and associated casing means structure, such 
as bushing structure, of only one relatively short 
portion of the length thereof, e. g., of only the 
port Section of a plunger in a plunger bore, and 
with suitable provision of a low pressure fluid 
leakage chamber to avoid high pressure leakage. 
An additional object is the provision in such 

punp structure of structural features permitting 
firing aSSes ably of gparts of proper self-align 
Inent of the port section of the plunger in the 
bore without detrimentally affecting substantial 
y low pressure fluid-tight sealing. 
Other specific objects of the invention are the 

provision in such pump construction of certain 
structural features whereby simplicity in manu 
facture is 2ssured such as by separation of fits 
of parts that determine the efficiency of port op 
erations or closures affecting pump delivery char 
acteristics from fits of parts that may eliminate 
leakage of fuel into the pump sump or to areas 
outside the pump other than the low pressure 
fuel supply system making for ease in attainment 
of such fits; possible intermixing of fuel and 
lubricant, even though the latter may be under 
Some pressure in the pump casing such as the 
sump, is substantially eliminated; and high pres 
sure fuel leakage from cooperating plunger and 
bore structure may be efficiently collected and 
returned to the low pressure fuel supply system 
with avoidance of dilution of fuel by lubricant 
and infiltration of latter into the former. 

. A further more specific object is the provision 
of such pump mechanism characterized by a fuel 
leakage chamber and closure therefor provided 
by structure having surfaces readily fitted to cas 
ing means structure, such as a plunger bushing 
and plunger structure independently of and aux 
iliary to the fitting of the plunger structure in 
the bore whereby high pressure fuel leakage from 
the latter is caught and may be returned to 

v 

plunger structure in the bore and 

t 
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low pressure fuel supply system and intermingling 
of fuel and lubricant is substantially eliminated, 
such auxiliary fits providing for relative sliding 
of parts to permit free relative longitudinal slid 

7 ing action between plunger structure and cham 
ber structure and self-alignment of the latter 
with the former independent of self-alignment of 

without inter 
fering with the latter. 
Another object is the provision in such a struc 

ture of a collar circumambient of the plunger 
Spaced radially thereof with means therebetween 
providing a substantially low pressure fluid-tight 
seal and permitting longitudinal movement of 
the plunger relative to the collar, the collar hay 
ing a substantially low pressure fluid-tight sea 
With casing means such as a plunger bushing 
to form a leakage chamber preferably vented to 
a low pressure fluid passage, while providing for 
self-alignment of the plunger in associated struc 
ture. 
A further object is thie provision in such a 

structure of certain plunger structure provided 
With a plurality of fluid ports adapted selectively 
to be brought into communicative position with 
respect to low pressure fluid passage and selec 
tive interengaging means between plunger and 
casing means for permitting setting of the plung 
er in one of a number of different positions for 
delivery of a definite quantity of fuid in each 
position. 

Still another object of the invention is the pro 
vision of plunger biasing means which may seats 
directly against casing means or structure in 

'cabutting relation thereto, and also against abut 

45 

ment means on the plunger with the provision 
of Self-centering means to avoid cocking of the 
plunger. 
A further object of the invention is the pro 

vision of such a structure characterized by co 
operation of the pltinger biasing means and low 
pressure leakage chamber structure whereby the 
former holds the latter against casing means 
structure with a substantially low pressure fiuid 
tight seal. 
A. Still further object is the provision of a 

Subassembly the parts of which will effectively 
remain mounted and which may comprise the 
plunger, such collar structure, biasing spring and 
abutment means, the means on the plunger 
adapted to engage casing means for selective 
guidance also serving to cooperate with the collar 
and associated structure to hold the parts to 
gether, with the collar or means thereon serving 

  



2 
as one abutment means and structure on the 
plunger serving as another. . 
An additional object is the provision of sbut 

ment means on the plunger characterized by a 
Swiveling arrangement whereby pressure of a 
plunger biasing spring such as a helical Spring 
around the plunger is equalized and cocking of 
the latter avoided; Such abutment means also 
preferably being quickly demountable by virtue 

... of the provision of circumferentially confined 
means or members, e. g., balls held in a groove 
or against a shoulder on the plunger by a collar 
Or skirted member. 
Another additional object is to provide a simple 

and effective method of producing a pump ele 
ment, such as a plunger or piston, or casing 
means as a bushing constituting the pump cyl 
inder or barrel, characterized by first sizing as 
by machining and surfacing an unbroken surface 
thereof to obtain a finished mating Surface for 
proper cooperative operation with a finished 
nating Surface of a companion pump element, 
and as a final step in the operations upon such 
Surfaces removing, such as by grinding, a portion 
of the sized finished surface to form a port hav 
ing a sharp accurate effective or working edge. 

Also another object of the invention is the pro 
vision of efficient low and high pressure gasket 
ing of a plunger bushing in a Casing bore where 
by effective and simple low pressure fluid sealing 
does not interfere with proper positioning of the 
bushing and high pressure sealing may cooperate 
with a plug of a discharge conduit system ac 
curately to limit its mountation in the pump bore 
or predetermine its position therein. 
Other objects of the invention will in part be 

obvious and will in part appear hereinafter. 
The invention accordingly comprises the fea 

tures of construction, combination of elements 
and arrangement of parts, and the Several steps 
and the relation of one or more of such steps 
with respect to each other for the production of 
certain elements or parts thereof, all as exem 
plified in the following detailed disclosure, and 
the scope of the application of the invention will 
be indicated in the claims. 
For a fuller understanding of the nature and 

objects of the invention reference should be had 
to the following detailed description taken in 
connection with the accompanying drawings, in 
which: . . . . 

Fig. 1 is an elevational sectional view with 
parts broken away of casing means, a pump 
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plunger and associated structure of one modifi 
cation of the present invention; 

Fig. 2 is an elevational view of a pump plunger 
of the present invention; . 

Fig. 3 is a sectional view taken on line 3-3 of 
Fig. 2; ... o. 

Fig. 4 is an elevational sectional view with parts 
broken away of another modified form of the 
invention shown in Fig.1; 

Fig. 5 is an elevational view with parts in sec 
tion and parts broken away of a pump plunger 
and associated collar or casing means and sub 
stantially low pressure fluid sealing means 
adapted to provide a leakage fecess or chamber, 
constituting a modification of similar structure 
shown in Figs. 1 and 4; . . 

Figure 5a is a view in cross-section and with 
parts broken away of a portion of a pump plunger 
and an associated sealing means: - 

Fig. 6 is an elevational view with parts in sec 
tion and parts broken away of a punp plunger 
and associated collar and bushing with substan 
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tially low pressure fluid gasket sealing means 
provided between the latter to permitting rela 
tively transverse movement therebetween on self 
alignment of the plunger in the bore, constituting 
a modification of similar structure shown in Figs, 
and 4; and 
Figure 7 is a view in cross-section of a por 

tion of a modified form of pump including a two 
element pump plunger. 
The present invention is adapted for incorpo 

ration in a pump of the general type disclosed in 
Purdy United States Patent No. 2,166,876 of July 
18, 1939, which as more specifically explained 
therein constitutes an apparatus adapted for 
connection to a substantially low pressure Supply 
system such as a supply tank of fuel oil and 
supply and venting conduit means. In apparatus 
of that type there may be provided a casing 
structure having a substantially axially arranged 
bore therein in which is mounted suitable meter 
ing valve structure through which low pressure 
fuel may communicate through passages to a plu 
rality of pump plunger bores, one for each cyl 
inder of the engine, arranged circumferentially 
of the axial bore with, if desired, Such pump 
plunger bores being provided by suitable plunger 
bushings mounted in circumferentially arranged 
holes in a casing, the casing and bushings Com 
prising casing means. These pump plunger bores 
may further be suitably vented to low pressure 
fuel supply or a chamber connected thereto co 
operating in the obtainment of substantially in 
stantaneous cut-off of fuel under high pressure 
supplied from suitable nozzle structure to each 
of the engine cylinders. Each pump plunger bore 
has associated therewith a suitable pump plunger 
for reciprocative action therein and plunger op 
erative means such as a suitable cam device con 
mon to the plurality of pump plungers for suc 
cessive operation thereof which latter structure 
may be located in a chamber in the casing struc 
ture with the chamber Serving as a pump Sump. 
The present invention is concerned with the cas 
ing means in which the pump plunger bore is 
formed, the pump plunger reciprocatively 
mounted therein, spring rigging associated with 
the latter for biasing it in an outward position 
and associated structure. 

Referring to the drawings, like numerals refer 
to like parts throughout. A casing 0 formed 
if desired of metal may, in accordance with one 
modified form of the present invention, be pro 
vided with a bore it counterbored to provide a 
shoulder 2 preferably tapered, that is conform 
ing to the surface of a truncated cone as shown, 
and further counterbored to provide an addi 
tional shoulder 3 which may have the Surface 
thereof lying in a plane substantially normal to 
the axis of the bore. Inward of the high pres 
sure end the bore is preferably internally 
threaded as shown at 4 and the outward end 
thereof is counterbored at 5 to receive plunger 
spring rigging, cam follower and associated struct 
ture. A relatively low pressure fluid passage 6 
is formed therein communicating with the bore 

and adapted to be connected through suitable 
passages and metering valve structure to a rela 
tively low pressure fluid supply and may serve. 
both for supplying and venting relatively low 
pressure fluid to and from pump plunger pore, 
An additional venting passage T may also if de 
sired be provided. 
Bushing means are fitted into the bore and 

may comprise a main bushing section 8 having 
the high pressure end thereof fitted into the 
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bore , , snugly if desired, inwardly of the 
shoulder 3 such as at 9 for proper location 
of the bushing in the casing and set back in a 
midsection thereof such as at 20 to provide a 
shoulder 2 to cooperate with the bore shoulder 

with the interpositioning therebetween of a . 
high pressure gasket 22, formed of any suitable 
material such as, by way of example, dead soft 
copper. The bushing 8 is further set back to 
provide a shoulder 23 adapted to cooperate with 
the bore shoulder 2 and between the latter two 
shoulders is confined a low pressure gasket 24 
formed of any suitable material such as, by way 
of example, Babbitt metal. In the preferred 
form the gasket 24 is made substantially rec 
tangular in section and deformed (to the shape 
shown) by the tapered seat 2 when the main 
bushing section 8 is forced into position with the 
high pressure gasket. 22 predetermining such 
position. Obviously the tapered shoulder may 
be provided on the bushing and the right 
angled shoulder in the bore f or both shoulders 
may be tapered if desired. Further the gasket. 
24 may be provided with a tapered face to co 
operate, with the tapered shoulder but adapted 
to be further deformed when the bushing is 
seated in the casing bore thereby to obtain sub 
stantially low pressure fluid-tight Sealing. 
The gaskets 22 and 24 may, if desired, be 

formed of similar material that may be relatively 
resistant to deformation but capable thereof, or 
relatively softer material readily capable of de 
formation, so long as the seating area of gasket 
22 is substantially greater than that of gasket 24. 
The latter feature assures that gasket 24 while 
providing a substantially low pressure fluid-tight 
seal will not prevent a proper seating and sub 
stantially high pressure fluid-tight sealing at gas 
ket 22 when the bushing 8 is forced into the cas 
ing bore to a desired position determined 
by the cooperating shoulders 3 and 2 and gasket 
22. The arrangement would be such that the low 
pressure gasket 24 would be adapted to be con 
siderably deformed, relatively speaking, by po- . 
sitioning of the bushing in casing, whereas the 
high pressure gasket 22 which serves to deter 
nine the longitudinal position of the bushing in 
the casing is not appreciably deformed by the 
locating operation. Further, a substantially higi 
pressure fluid-tight seal may be attained - at 
shoulders 3 and 2 with the omission of gasket 
22 by providing a lapped joint between comple 
inentary shoulders thereat which would serve to 
attain the desired seal and determine position 
of the bushing in the casing with the gasket 2 
being deformed to attain the low pressure seal. 
The gasket 24 may be made of material. softer 

than that from which the high pressure gasket 
22 is formed, such as relatively soft deformable 
materia, for example, soft metal of little elastic 
ity, e.g., copper, lead, alloys thereof, etc., or from 
resilient material such as rubber, synthetic rub 
ber, Neoprene and the like. In such case it would 
not be essential to make the shoulder 2 tapered 
or of other shape initially to provide a relatively 

3 
by shoulders such as at 12 and 23 to provide 

0 

necessary 
into the 

a substantially low pressure fluid-tight seal with 
out objectionably interfering with the desired. 
locating or positioning of the bushing in the 
casing. By virtue of such structure it is not 

to have the bushing carefully fitted . 
bore throughout the length thereof 

and as shown it may be spaced from the bore 
wall between paired shoulders f3, 2 and 2, 28 
and also outwardly of the latter thereby simplify 
ing manufacturing. As a result the bushing is 
sealed into the casing. at two different places 
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simultaneously by the single act of sliding or 
forcing the bushing into the casing to a pre 
determined position (where it is to be held), and 
such locating is determined by only one pair of 
cooperating shoulders making for convenience 
in dimensioning and manufacturing to toler 
ances. Additionally, necessity of carefully align 
ing the surface of shoulder 23 with any cooper 
atting casing surface (as would be required if a 
considerable area of flat gasket surface seating 
on opposed shoulders was used in lieu of the de 
formation feature characterizing the present in 
vention) is eliminated. . . 

Further high pressure sealing may be attained 
by recessing the high pressure end of the bush- - 

30 

ing 8 such as at 25 and this recess may be so 
formed as to provide a shoulder 26 substantially 
normal to the axis of the bushing and a tapered 
shoulder 27 substantially conforming to the sur 
face of a truncated cone. A gasket 28 of suitable 
deformable material such as, by Way of example, 
dead soft copper, which may be initially substan 

35 tially rectangular insection is compressed within 
the recess 25 with its outside surface 29 engaging 
the wall of the bore i?, one flat surface engaging 
the shoulder 26 and a portion deformed to con 
form to the tapered seat. 27. This deformation 

40... is attained by the positioning of a plug 30 in the 
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high pressure end of the bore f such as by 
threaded engagement therein with the end of the 
piug engaging the other fiat face of the gasket 2. 
The plug 30 thus retains bushing 8 in position in 
the bore f and is provided with a central open 
ing which may have a portion thereof shaped to . . 
provide a seat for a check valve 3 which coma 
municates with a bore in the plug adapted to re 
ceive a couping member connecting thereto suit 
able conduit means leading to suitable nozzle 
structure in the walls of an engine cylinder (not 
shown). - 
The extent to which the gasket 28 may be com 

pressed is limited and accordingly it may be used 
with the associated structure accurately to limit 
the insertion of the plug 30 into the bore, if due 
to the fact that after the gasket is deformed to 
the shape shown flat surfaces of considerable area. 
are engaged by shoulder 26 and the end of the 

O 

small seating area since obviously a greater seat 
ing area, such as provided by a felatively wider, 
substantially fiat transversely extending shoulder, 
could be used with the attainment of similar 
ends. - 

: In any case the arrangement is such that co 
operating shoulders such as at 3 and 2 provide 
a substantially high pressure fluid-tight seal and 

70 

determine the position of the bushing in the cas- . 
ing and a gasket such as that at 24 is deformed 75 

plug 30. Obviously the gasket 28 may be initially 
formed with a bevelled surface to cooperate with 
the tapered surface 27 of the bushing 8 but pro 
vided sufficiently oversized so as to obtain defor 
mation as the plug 30 is forced into the bore . 
With respect to the high pressure gasket 28, 

as in the case of gasket 24, reliance may be placed 
on a small area of initial gasket seating such area 
of seating being increased thereafter during the 
final stages of forcing the plug 30 into its final 
position. Obviously the material for gasket 2 
will be selected which will provide for the desired 
deformation, Sealing and limiting of movement 
of the plug 30 into the end of the casing bore 
which of course will in part be dependent upon 
dimensions of associated structure relating to 



this feature. Fundamentally this feature is 
characterized by deformation of the gasket dur 
ing an initial portion of the operation of forcing 
the plug 30 into bore while enabling plug 38 
finally to find a positive seating surface of suf 
ficient area, so that termination of its movement 
into the bore is well defined and accords with a 
predetermined position. The final Seating sur 
face of area greater than the initial Seating sur 
face may here be provided by the relatively large 
area of final seating of the surfaces of the gasket 
28 and the shoulder 26 and this in cooperation 
with resistance by the gasket material to de 
formation beyond a certain degree may deter 
nine the final position of the plug in the casing. 
Alternatively the final seating of the plug 30 may 
be provided by seating it on the end of the bush 
ing as shown in Fig. 4 and referred to more fully 
hereinafter. As a consequence this third gasketo 
ing avoids the necessity of carefully aligning co 
operating surfaces of the bushing and plug and 
similarly carefully aligning cooperating Surfaces 
of the bushing and casing. A slight misalign 
ment of the plug surface with a transverse bush 
ing surface such as 26 and likewise similar mis 
alignment of the end surface of the plug with 
the end surface of the bushing such as suggested 
in Fig. 4 would not give rise to any problems and 
of course there is no problem of leakage here in 
volved. a 
The tapered seating surfaces 2 and 2 have 

been chosen as a matter of convenience whereby 
the initial small seating area permitting increase 
thereof during gasket deformation is readily oia 
tained. Obviously, however, this may be ob 
tained by other arrangements such as stepping 
the shoulder whereby the seating surface for the 
initial seating is in one or more transverse planes 
but of sufficiently small total area to permit ready 
deformation of the gasket thereafter and provide 
for increase of the seating surface such as by 
bringing into operation additional seating sur 
faces in transverse planes upon such further de 
formation. . . 

It will thus beseen that with respect to the 
gasketing arrangement proposed above there is 
provided a structure wherein a bushing is sealed 
to a casing against low pressure at one place 
without locatively determining the position of the 
bushing with respect to the casing, is sealed 
against high pressure at another place and its 
position with respect to the casing locatively-de 
termined thereat, and is sealed against high pres 
sure but not located with respect to the casing 
at a third place, and in addition a plug holding 
the bushing assembled in the casing is first sealed 
and finally locatively positioned at that third 
place. 
The bushing 8 is provided with a plunger oore 
2 which, if desired, may have the high pressure 
end theredf counterbored as at 33 with a passage 
34 communicating between the counterbored por 
tion 33 and the passage . Such a feature is 
disclosed in the Tabb et ai. United States Patent 
2247,421 of July 1, 1941, wherein it is explained 
that fluid under Jessure in front of the pump 
plunger is vented through such passages to reduce 
the pressure of the fluid in the conduit to the 
engine cyliner sufficiently to permit a spring 
biased valve a nozzle structure to close thereby 
cutting of fluid discharge from the nozzle. Such 
a feature, however, is not essential to the struc 
ture of the present invention. 

In the counterbored portion 5 of the bore of 
the casing to is reciprocatively mounted a skirted 

a;872,694 
or tubular plunger follower 35 having a base por 
tion 36 recessed at 37 to receive a follower roller 
3 mounted on a pin 39 disposed in a hole tra 
versing the base 36 with the roller 38 engaging 
a suitable cam surface 40 which may be located 
in a pump sump or cam chamber. The base 36 
of the follower 35 may suitably be pierced ion 
gitudinally to avoid the formation of a vacuum 
or compression chamber in the Counterbored por 
tion is during reciprocative operation of the fol 
lower. A land or projecting portion 4 is pro 
vided on the base 35. ." 
A pump plunger 42 of any suitable design may 

be suitably fitted in the plunger bore 32 of the 
bushing 8 and preferably comprises a high pres 
sure end 43, a port section 44, a Sealing section 45, 
and an outward operable end 45 for engagement 
with the projecting portion 4 of the follower 35 
for inward movement thereby. 
Circumambient of the plunger 42 is arranged 

an auxiliary bushing section 4 which may be a 
collar radially spaced therefrom and having a 
flange 3 in substantially low pressure fluid-tight 
siding engagement with the sealing section 45 of 
the plunger 42 to provide a leakage recess 49. The 
main bushing section 8 is provided with a shoul 
der 5, which is engaged by one end of the collar 
4 preferably, with a transverse sliding fit to as 
sure the formation of a leakage chamber con 
stituted by recess 49 and freely permitting self 
alignment of the plunger with respect to the bush 
ing and with respect to the collar when being 
mounted into the casing to assure proper align 
ment of all such parts, and proper cooperative 

as functioning thereof even though in production 
there has been, as desired, independent sizing of 
the two pairs of mating cylindrical parts, viz., the 
plunger and main bushing section, and the 
plunger and collar. The so-formed leakage 

40 chamber may be vented in any suitable manner 
such as by a passage 5 communicating with a 
passage 52 in communication with passage i5. 
The passage 52 may be formed in any suitable 
manner after machining, surfacing and harden 
ing of the main bushing section 8 such as by 
grinding a transverse slot therein which does not 
break through the plunger bore surface, and the 
bushing may be ported at 53, after suitably finally 
sizing the bore 32 such as by fitting or lapping a 
plunger therein. This may be accomplished by 
grinding or otherwise cutting a transverse slot 
more deeply into the bushing until a port 53 of 
desired dimension is broken through into the bore 
32, such so-formed port having sharp effective or 
working edges from which burrs may be stoned 
off if necessary. 
The collar 47 may be held in engagement with 

the main bushing section 18 by any suitable means 
such as by members secured to the main bushing 
section or supported from the casing but prefer 
ably is held in position by means biasing the 
plunger which may be a helical spring 54, one end 
of which abuts or seats against flange 55 on a 
cup-shaped member 56 having a flange 57 ens 
gaging against a shoulder 58 on the collar 7. 
Other abutment means for the other end of the 
spring 54 are mounted on the plunger 42. Such 
means may comprise a skirted collar 59 having an 
inwardly facing tapered surface 60, such as a 
substantially spherical surface as shown, adapted 
to cooperate with a tapered surface 6 within 
an abutment cup 62 having a flange 63 against 
which the other end of a spring 54 seats. A 
groove 6 in the operable end 46 of the plunger 
cooperates with the skirted collar 59 to confine . 
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between the shoulder 65 within the collar 59 and 
a shoulder 66 formed by groove 64 any suitable 
element such as a ball 67 or a plurality thereof, 
or a relatively soft split ring, helical spring torus 
or the like. If in such structure there should be 
such uneven distribution of pressure circumferen 
tially of the plunger as to make destruction of 
certain confined keying means imminent, a split ring of relatively soft material or helical spring 
torus might be used to advantage since they would O 
adjust themselves to such conditions. Such struc- . 
ture permits, ready demountation from the 
plunger of the parts including the spring which 
is attained by compressing the spring 54 to per 
mit the collar 59 to be moved inwardly on the 
plunger sufficiently to free the securing means 
such as the balls 67. 
Means are preferably provided on the plunger. 

to cooperate with the flange 48 of the collar 47 
so that a sub-assembly may be provided. Such 
means may constitute a pin 68 located in the 
recess or chamber 49 and loosely held in a trans 
verse hole 69 in the plunger 42 by the collar 47. 
As a consequence the plunger 42, pin 68, collar 
47, member 56, spring 54, skirted member 59, cup 
member 62 and balls 6 may be assembled into a 

the distance between bushing port edges 53 and 
532. As desired the supply ports 70, 7 and 72 
and venting ports 74, 75 and 76 may be formed 
with their edges respectively arranged as shown or 
may be formed with all of the effective trailing 
edges 73-73 of the supply ports arranged in the 
same transverse plane and effective leading edges 
77-77 arranged in different transverse planes. A 
further alternative is the arrangement of all lead 
ing edges 7-7 in the same transverse plane 
and the trailing edges 73-73 in different trans 
verse planes. 
The different pump capacities provided by the 

different Selective plunger. positionings may be 

20 

26 

sub-assembly the parts of which securely remain 
in relative positions prior to assembly thereof 
with the casing or main bushing section and cam 
follower thereby facilitating and simplifying as 
sembly of the parts of the pump mechanism. The 
pin 68 also may serve as a guide pin for interen 
gagement with Casing means as hereinafter ex 
plained and for a purpose indicated. . 
The plunger 42 preferably is provided with a 

plurality of sets of Supply and venting ports se 
lectively to be used for delivery of different quan 
tities of fluid. The set of supply ports may be 
three in number arranged circumferentially of 
the plunger about 120° apart as indicated in Figs. 
2 and 3 and may comprise ports 70, 7 and 72 each 
having a working or effective controlling edge T3 
located at a certain point along the plunger. 
A set of venting ports are paired with the supply 
ports and may comprise the three similarly ar 
ranged as indicated at 74, 75 and 76 each of 
which has an effective or working edge TT also 
arranged at a certain point. The distance be 
tween the edges, 73 and 7 of any pair of ports 
angularly positioned for cooperation with effective 
or working edges of the port or ports of a passage 
or passages leading into the plunger bore may 
determine the capacity of one pump cylinder for 
that particular plunger position. This distance 
minus a corresponding distance between the effec 
tive or working edges of the casing means port 
or ports is the length of the effective stroke of 
the plunger. 
edges of a certain pair of supply and wenting 
plunger ports may be located at a distance apart 
differing from that for other pairs of ports, which 
as shown only by way of example differs for any 
one pair of ports. With one port provided by 

If desired, the effective working 

30 

O 

45 

50 

5 5 

60 

attained by providing a plurality of passages sim 
ilar to 53 in a single bushing with the effective 
working edges 53 and 532 of the port of each 
spaced differing distances apart and associating 
therewith a plunger having only one pair of supply 
and venting ports which selectively may be 
brought into working position with respect to any 
one of such bushing ports by selective angular 
positioning of the plunger. 
Such novel port features obviously may be in 

corporated in plungers of the axial passage type 
wherein a longitudinal passage 78 extends Sub 
stantially axially from the high pressure end 43 
through-the port section 44 of the plunger, and 
this may be brought into communication with the 
ports 70, 7, 72, 74, 75 and 76 in any suitable 
manner such as by drilling holes 79-79 Such 
passage 78 and a hole 79 cooperatively serve as 
a fluid way between high pressure end 43 and a 
port. However, it will be understood that other 
methods of providing ways for passage of fluid 
between such ports and high pressure end 43 of 
the plunger may be utilized in practicing the in 
vention such as, for example, by forming grooves 
in the cylindrical surface of the plunger to extend 
between the high pressure end of the plunger and 
the ports. 
These sets of supply and venting ports are 

provided in the port section 44 of the plunger 
subsequent to the treatment and sizing or lap 
fitting of the plunger port section in the port. 
section of the plunger bore or main bushing sec 
tion. Thus the obtainment of sharp effective 
working edges of ports is assured. 
By way of example plungers, formed of Nitral 

loy may be processed in the following manner. 
A cylindrical plunger is made of this material and 
first machined to a dimension considerably over 
sized and a bushing formed of similar material 
is provided with a bore considerably undersized. 

5 Thereafter these elements may be heat treated 
to give greater hardness and a molecular struc 
ture of the cylindrical Surfaces more suitable for 
hardening by nitriding. After heat treating the 
cylindrical surfaces are preferably ground to re 
move the extreme outer surface to permit more 
effective nitriding and incidentally for closer siz 

passage 53 in the bushing serving both as a bush 
ing supply port and bushing venting port for each 
plunger bore, as shown by way of example in the 
structures depicted in the drawings, this distance 
between effective edges of bushing ports is the 
distance between a leading effective edge 53 and 
a trailing effective edge 532 which is the same 
for all pump cylinders and for all positions of any 
one pump plunger. The effective stroke of any 
one pump plunger of the depicted structures for 
any one pair of supply and venting ports is the 
distance between edges 7 and thereof minus 
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ing. This grinding, however, is to dimensions 
which are still oversized for the plunger and un 
dersized for the bushing. The elements are then 
subjected to a nitriding treatment wherein alm 
monia gas causing hardening. After nitriding a 
final grinding of the cylindrical surfaces is per 
formed to dimensions not quite the final size, there . 
being provided an allowance of a few ten-thou 
sandths of an inch for lapping to give a perfect 
fit of the mating parts. After fitting the mating 
parts such as by lapping, the ports are ground 
into the cylindrical surfaces as a final step of 
operations on such surfaces so that uninterrupted 
surfaces are had for sizing or fitting the nating 
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parts together whereby sharp, definitive effective 
or working edges of ports are assured. This 
avoids dulling of such edges by machining, grind 
ing and lapping since in lapping, lapping corn 
pounds tend to collect at edges and to form a 
slight tapering of cylindrical Surfaces at Such 
points, and in machining or grinding surfaces 
the operations tend to remove excessive amounts 
of material at the edges of interruptions of the 
surfaces. For example, pressure of a grinding 
wheel against the work is slightly relieved at the 
edges of interruptions so that there is a tendency 
excessively to remove material thereat. 

In so forming such plungers characterized by 
the provision of fluid passages from the high 
pressure ends of the ports such as the axial pas 
sage 78 and the holes T9-79 these may beformed 
such as by drilling prior to the hardening, grind 
ing, lapping and final porting. This is permis 
sible since the holes 79-79 are of less dimension 
than the width between the opposed edges of any 
one port. Accordingly even though in grinding 
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the formation of an axial passage 8 and pas 
sages 79-79 in the plunger. Thus the two basic 
pump elements, the plunger or piston and the 
bushing constituting the cylinder or barrel, are 
finished and ported by a similar procedure of the 
present invention. 
The outward end of the main bushing section 
8 may be provided with a flange 80 circuman 
bient of the plunger 42 preferably within the 
chamber 49 and this fange may be provided with 
three pairs of diametrically opposed longitudi 
nally extending ways or slots Bf-8 with each 
pair arranged about 120° from the successive pair 
similar to the arrangement of the pairs of ports 
in the plunger. A pair of opposed slots 8, 8. 
are adapted to receive the opposite ends of the 
pin 68 as shown in FigS. 1 and 4 for positioning . 
of a pair of supply and venting ports of the 
plunger in selected communicative relation to the 
port end of passage 53. Accordingly the plunger 
42, when being mounted with the other parts of 
the sub-assembly relative to the bushing section 

and lapping excessive material is removed adja 
cent the edges of the holes 79-79 the dulled or 
imperfect surfaces adjacent thereto will be 
ground off in the formation of the ports. Fur 
ther, the axial passage 78 and the holes 79-79 
may be provided at any time during the process 
of formation even subsequent to the porting. For 
example, a portion of the area of the high pres 
sure end of the plunger may be protected from 
hardening such as by plating or painting and 
then subsequent to the hardening the axial pas 
sage 78 may be drilled and the holes 79-79 may 
be drilled either prior to or subsequent to the 
final sizing or lapping and of course prior or sub 
sequent to the porting. Further if it be desired 
to drill the passage 78 prior to hardening protec 
tion for the Surface thereof may be provided by 
plugging with clay or otherwise, or the surface of 
the passage may be protected by painting 
with certain paint which prohibits infiltration of 
ammonia gas. As an alternative, when the pas 
sage 8 is formed prior to hardening, the surface 
thereof may be left unprotected since in drilling 
the holes 79-79 no difficulty is found in piercing 
through the hardened surface or crust of the 
axial passage 78 since this crust in the case of 
nitriding is quite thin. It is to be understood 
that hardening treatments other than nitriding 
may be used. In such cases, particularly where 
the material from which the plungers and bush 
ings are formed is not such as to make for the ob 
tainment of advantages attributable to heat 
treating, such heating before hardening and 
grinding Will be omitted. - . . 
The presently preferred procedure for making 

the plungers comprises drilling the axial passage 
prior to hardening and then after hardening, 

further grinding, lapping, and finally porting, the 
holes 9-9 are drilled through from the ports. 
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into axial passage 78; but in any case, regardless - 
of what variations of procedure are adopted, the 
formation of the ports in the cylindrical sur 
faces of both the plungers and the bushings is 
always done subsequent to the treatment and the 
final mechanical working of those surfaces (such 
as lapping and fitting) to assure the obtainment 
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of sharp accurately operative effective working 
port edges. Obviously the formation of the pas 
sages 5 and 52 and the formation, such as by 
grinding, of the port passage 53 in the main bush 
ing section 8 may be accomplished in a variety 
of ways as to time and method of formation, simi 

8 and casing 0, may be placed in a selected 
desired operative position in the plunger bore 
whereby the guide pin 68 serves not Only as means 
to hold the parts of the sub-assembly together but 
also as an indexing and guiding means. After 
placement of the sub-assembly in the bushing 
section 8 of casing to the follower 35 is then 
inserted in the counterbored portion f 5 of the 
casing bore. 

It will be understood that any suitable inter 
engaging means between the plunger and casing 
means may be used for this purpose of indexing 
and guiding. For example, only one pair of 
diametrically opposed slots 8, 8f need be formed 
in the flange 80 and the plunger may be provided 
with three transverse holes 69-69, as indicated 
in Fig. 4, so arranged as to provide for different 
selective placement of pin 68. 
Although the structure described above for the 

provision of the leakage chamber 49 is preferred, 
obviously it is not essential to form the collar 
member 47 separately from the bushing or casing 
means with the provision therebetween of a sub 
stantially low pressure fluid-tight transverse slid 
ing fit. The desired provision for self-alignment 
of the plunger 42 may be attained by resilient 
means. In Fig. 5 such a structure is illustrated 
wherein the collar member may be a flange por 
tion 82 formed integral with the main bushing 
section or casing means. A groove 8 may be 
formed in the sealing portion 45 of the plunger 
42 and a resilient ring 84 of suitable material 
such as neoprene may be seated therein with its 
outer surface slidably engaging the inner wall of 
the portion 82 in a substantially low pressure 
fluid-tight sealing manner. As shown in Figure 
5a, a ring of resilient material Ella may be fixed 
relative to the portion 2 with the provision of 
a substantially low pressure fluid-tight sliding fit 
with the sealing portion 45 of the plunger 42, 
thus being used as a flange in lieu of that at 
illustrated as being made integral with the col 
lar 4. 
Further it will be understood from Fig. 6 that 

the surfaces at the cooperating ends of the bush 
ing section f and collar need not of necessity 
be lap-fitted if a gasket S of any suitable mate 
rial permitting relative transverse movement of 
the collar and bushing section is interposed. This 
gasket may, if desired, be formed of relatively 
resilient material such as neoprene... it will fur 
ther be understood that the self-alignment of 

lar to those pointed out above in connection with 75 plunger structure relative to casing means struc 



ture wherein such independent fittings of the 
plunger structure at the port section of the cas 
ing means structure bore and at the outward end 
of the casing means structure constituting a clo 
sure, for the leakage chamber may be provided 
by a structure wherein the bushing section f 
and collar 47 are rigidly made integral with each 
other while permitting the use of a rigid closure 
flange such as 48, if the plunger structure.com 
prise sections which may be movable relative to 
each other transversely. As illustrated in Figure 
7 a two part plunger structure 42d, 42b might be 
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and the cooperating surfaces might be convexed 
reversely with respect to each other. The forms 
shown, however, are preferred but for the pur 
pose of the present application all such surfaces 
will be identified generically as "tapering” sur 
faces. 
As described above, the high pressure gasket 2 

may predetermine the position of the plug 30 in 
the high pressure end of the casing bore ff. Such 
predetermination of position may additionally be 
attained, as indicated, by causing the end of the 
plug 30 to engage the high pressure end of the 

used within the scope of the invention wherein 
the plunger part 42a is aligned in the port sec 
tion of the bore 32a and is abutted against the 
other section 42b which is slidably fitted in the 
closure flange 48a and with their adjacent ends 
in abutting relation so that the plunger ported 
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section 42a may be forced inwardly by the other 
section and return stroke of the former obtained : 
by suitable biasing means such as a spring 54a 
at the high pressure end of the plunger structure. 
The pin 68 may be received in a groove 92 in the 
end of the section A2a to facilitate adjustment 
and indexing of the plunger Section 2. 

If desired, the provision, for centering and/or 
balancing action of the spring 54 may be omitted 
from the abutment means mounted on the 
plunger 42 and additionally the means for biasing 
the collar 47 with a transverse sliding fit to the 
bushing 8 may be modified all as illustrated in 
Fig. 4. By way of example a plate 86 having a 
spring seating flange 87 may be mounted on the 
end 46 of the plunger 42 by placement of suitable 
means such as a split ring 88 in the groove 64. 
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bushing 8 such as at 9 as shown in Fig. 4 after 
t’re gasket 28 has been suitably deformed and 
depressed in the recess 25. The provision of the 
gasketing 28 makes possible the use of such struc 
ture without necessitating accurate lining up of 
cooperating surfaces of plug 30 and bushing sec 
tion 8 at 9. o 

It will be understood that the following terms 
as used in the specification and claims are in 
tended to have the following meanings. "Casing 
neans' may include plunger bushing means if 
used and a surrounding casing or may refer to 
a casing alone when the plunger bore is formed 
directly therein. "Bushing means' may include 
a main bushing seated in the casing and an 
auxiliary bushing means section which may be 
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The opposite end of the spring 54 may be seated 
directly against casing structure rather than 
means mounted on the collar 4 such as by seat 
ing it against a shoulder 89 on the casing and 
the collar 47 may be held in engagement with 
the casing means or bushing 8 by an auxiliary 
spring 90 seated at one end on plate 86 and at 
the other end against the collar 47 or the flange 
48 thereof. In such a case the sub-assembly 
would include the helical spring 99 and the 
plunger biasing spring 54 would be mounted as 
a separate element at the time of assembly of 
the sub-assembly in the bushing or casing means. 
Obviously the helical spring 90 supplements the 
biasing of the plunger by the spring 54. Other 
and further modifications of such structure and 
assCCiated parts within the scope of the inven 
tion will readily occur to those skilled in the art. 
The cooperating tapered surfaces 60 and 6 of 

the abutment means mounted on the plunger for 
the Spring rigging are preferably shaped as de 
scribed but not necessarily so. The surface 6 
could be somewhat spherical having a . greater 
radius of curvature than the spherical surface 
60 or the latter might be made conical similar 
to the illustrated shape of the surface 6 and 
the latter could be convexed to cooperate there 
with. Resulting line contact or at least small 
area of contact are desired for attainment of 
centering and/or balancing action of the spring 
54 to avoid cocking of the plunger 42 which has . 
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been provided with only a relatively short accu 
rate sliding fit in the plunger bore. Furtrer other 
types of cooperating surfaces may be utilized 
for a similar purpose, for example, a conrida 
surface similar to the spherical Surface shown. , 
as well as a short conical surface cooperating 
with an extended conical surface, or a short 
spherical surface cooperating with an extended 
spherical surface of similar radii of curvature, 75 

a collar having a substantially low pressure fluid 
tight seal or transverse sliding fit with the main 
bushing. The "flange' on the collar engaging 
the plunger may be made of any suitable mate 
rial such as the metal from which the collar may 
be made and integral with or separate therefron, 
or of resilient material such as neoprene whereby 
a transverse sliding fit between a leakage cham 
ber collar and casing means need not be provided. 
"Abutment means' refers to any and all structure 
which in and of itself or through associated or 
interposed structure limits or stops movement 
of biasing means such as a spring and against 
which the latter bears either directly by direct 
contact therewith or indirectly through inter 
posed structure. The term "outwardly' refers to 
direction away from the pump casing, that is 
toward the cam follower or operatively engaged 
end of the pump plunger; and "inwardly' refers 
to the reverse direction, that is into the pump 
casing or bushing therein since the pump plunger 
is forced inward or intry the plunger bore on the 
working stroke. "Relatively low pressure fluid' 
refers to fluid fed to the pump such as by a suit 
able system which may include with a fluid sup 
ply a relatively low pressure transfer pump and 
“high pressure' is relatively higher pressure pro 
duced by action of the pump of the present in 
vention. “Substantially fluid-tight seal" and 
"substantially fluid-tight fit” respectively refer to 
structural seals and fits which substantially pre 
vent leakage or permit only very little or negligi 
ble leakage at the indicated pressures such as 
some minor or unimportant seepage or fluid film 
transfer. 

In operation, with the parts assembled and po 
sitioned as shown in Fig. 1 and a low pressure 
fluid or fuel supply connected with passage it 
such as through suitable metering valve struc 
ture, the can surface of camplate 40 upon ro 
tation of the latter will permit the pump plunger 
to be forced by the spring biasing structure out 
wardly out of bore 32 until the supply port 7D 
is opened to the passages 53. 52 and 6 permit 
ting low pressure fuel to enter through the sup 
ply port, opening 79 and plunger passage 7 into 
the bore ahead of the high pressure end 43 of the 



plunger. Upon further rotation of the can plate 
the follower 35 is forced inwardly against the 

action of the spring 54 forcing the plunger into 
the bore 32 until the effective trailing edge 
of the port 70 passes the bushing port edge 53 
and thereafter to compress the so-supplied fuel 
in the plunger bore. This fuel under pressure 
will unseat the valve 3 in the plug 30 and permit 
sufficient pressure to be built up in the conduit 
leading to the nozzle whereby to unseat a valve 
therein so that the fuel will be sprayed into the 
engine cylinder. On further movement of the 
plunger 42 the effective or leading edge TT of the 
venting port 74 will pass the bushing port edge 
s32 quickly to vent fuel under high pressure 
through plunger passage 78, opening 79 and port. 
T4 to fuel supply to obtain substantially instan 
taneous cut-off of fuel supplied to the engine cyl 
inder and accurate delivery of a predetermined 
quantity thereof. Upon further rotation of the 
cam 0 the follower 35 will be permitted to recede 
from the counterbored portion 5 as the biasing 
spring. 54 forces the plunger 42 outwardly again 
bringing the supply port 70 into communication 
with the passage 53, and thereafter the cycle is 2 
repeated, 
By virtue of the structure of the invention de 

scribed substantially no leakage of fuel from the 
high pressure system between the engine cylinder 
and pump will occur past the plunger and bush 
ing into the pump sump (in which the cam 40 
and other operating parts are located) and lubri 
cating oil therein. Infiltration of lubricating oil 
into the low pressure System is likewise avoided 
even if a fair amount of pressure of lubricating 
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This makes possible manufacture Of parts to 
gauge inspection as contrasted to individually 
fitting of parts by lapping on assembly. As a 
result a so-called selective assembly system in 
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oil exists in the pump Sump. Avoidance of such 
leakage is accomplished by means of the auxiliary 
bushing section or collar 47 and the leakage 
chamber 49 provided thereby and vented to the 
low pressure supply by passage 5, so that any 
leakage past the plunger into this chamber is 
automatically returned to the low pressure sys 
tem. The fit of the collar 47 through its flange 
4 or similar structure with the sealing section 
45 of the plunger is independent of the fit of the 45 
port section 44 of the plunger in the bushing 
bore 32 so that the latter need be accurate with 
in a limited tolerance only adjacent to the ports 
and to provide a reasonable lineup of parts. This 
fit between collar flange 48 and the plunger is of 50 
necessity only of the low pressure type and there 
fore is a comparatively easy fit to obtain and 
maintain, and makes readily practicable inter 
changeable or selective manufacture of parts and 
assemblies. In fact the length of the surface 
of sliding fit between the collar flange 48 and 
the sealing portion 45 of the plunger 42 is prefer 
ably made comparatively short so that the line 
up of the end surfaces of the collar and main 
bushing section 8 is easily and readily obtain 
able. Further, such structure readily permits 
self-alignment of the plunger in the bore inde 
pendent of the alignment of the plunger and col 
lar or flange 48 thereof and provides for inde 
pendent fitting at these two surface matings 
thereby greatly simplifying manufacture and in 
creasing likelihood of proper fittings. This avoids 
necessity for accurately fitting a pair of mating 
cylindrical parts over a great length, or in two 
separate sections simultaneously. 

Since in the present structure the accurate 
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sliding fit of the plunger in the bushing bore 2 
may be relatively short that is throughout the 
port section 4, the problem of obtaining satis 
factory fit of these parts is greatly simplified. 75 

which the cooperating parts are each made to a 
certain dimension with a reasonable tolerance 
and the parts are paired so that the fit of any 
two paired parts may be much closer than the 
tolerances permitted is possible which may make 
unnecessary accurate fitting at the time of as 
sembly. Such a system will include mating of 
parts which may be easily accomplished in com 
mercial production. By this is meant the manu 
facture of the parts to predetermined gauge di 
mension within a reasonable tolerance range. 
As a result, the dimension of some of the parts 
will be that dimension plus, others possibly prac 
tically to that dimension, and still others that 
dimension minus. Such parts will accordingly 
be separately grouped or classified according to 
such dimensions as will the parts with which 
they are to fit, thus constituting the referred to 
mating. Such so-classified parts will thus be in 
terchangeable with any other part selected from 
the same grouping which will permit utilization 
of standard methods of interchangeable manu 
facture and a resultant elimination of manufac 
turing difficulties usually acceptably recognized 
in the production of pumps of this type. 

It will be noted that the construction is fea 
tured by a plurality of nating parts wherein each 
mating is independent of others and of a single 
dimension as contrasted with plurel or two di 
mension mating such as in pump construction . 
where a plunger must be accurately fitted to the 
bore at both the port section and the outward 
end of the bore. There, one dimension fitting 
controls the porting and the other. dimension 
fitting controls the leakage between the plunger 
and bushing at the outward end of the bore. 
it has been found in manufacture of such latter 
constructions that after carefully fitting the 
plunger to the bore at the port section there 
often is not a proper mating of the plunger and 
bushing at the Outward end of the bore such as 
to avoid excessive leakage. This difficulty is effi 
ciently overcome by the present invention. 
The present invention further makes readily 

practicable a simple interchangeable assembly 
production wherein the parts can be sized closely 
enough to gauge as to permit a multiplicity of 
any one part, all to be classified or grouped to 
gether in one group, and any one of that group 
to be interchangeable with any other thereof in 
assembly of such part with any other cooperative 
part chosen from a group thereof. Thus the 
present invention is not only readily adapted to 
a selective assembly system wherein a multiplicity 
of any one part are classified into two or more 
groups as described above, but also to a simple 
interchangeable assembly system wherein the 
parts are of such construction as to permit clas 
sifying all of a multiplicity of any one part in a 
single group; both types of systems being prac 
ticable in commercial production of pump struc 
ture assemblies of the present invention with 
assurance of efficient operation thereof. 

In view of the fact that only relatively short 
mating surfaces of the pump plunger and bushing 
bore are essential to efficient operation of the 
mechanism of the present invention and are de 
sired for indicated reasons, provision has been 
made to assure at all times in assembly and 
operation a proper alignment of the parts with 
substantial elimination of possible transverse 
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pressure against the relatively long section of the 
plunger between the port section thereof and its 
operative end 46. Accordingly the outward end 
of the plunger rides freely on a smooth surface 
of the follower 35 and provision is preferably 
made for balancing biasing action of spring 56 
thereby avoiding possible cocking of the plunger. 
Accordingly provision is made for limited trans 
verse movement of the plunger by reason of the 
construction of auxiliary bushing section or collar 
47 or the 'sealing means interposed therebetween 
and in addition the provision of the swiveling 
structure in the abutment means mounted on the 
plunger and against which an end of the biasing 
spring seats. The above described cooperating 
tapering Surfaces in that abutment means per 
mits a Suitable Swing of the spring seating mem 
ber and thus tends to equalize spring pressure 
at all points circumambient of the plunger. 

It will thus be seen that the objects set forth 
above and those herein indicated are efficiently 
attained and since certain changes in carrying 
Out the above' process and in the constructions 
Set forth, which embody the invention may be 
made without departing from its scope, it is in 
tended that all matter contained in the above 
description or shown in the accompanying draw 
ings shall be interpreted as illustrative and not in 
a limiting sense. 

It is als0 to be understood that the following 
claims are intended to cover all of the generic 
and specific features of the invention herein de 
Scribed, and all statements of the scope of the 
invention which, as a matter of language, might 
be said to fall therebetween. 

Having described my invention, what I claim as 
new and desire to secure by Letters Patent is: 

1. In a high pressure fluid pump the combina 
tion comprising, casing means structure having 
a bore and a relatively low pressure fluid passage 
port communicating therewith, a plunger struc 
ture slidably fitted into the bore in the vicinity 
of the passage port, said casing means structure 
having a section of the walls of the bore out 
Wardly of the sliding fit radially spaced from said 
plunger structure, and means having a sliding fit 
with said plunger structure providing a substan 
tially low pressure fluid-tight seal be...veen said 
casing means section and said plunger structure 
to form a leakage chamber, the sliding fit of said 
plunger structure in the bore adjacent the port 
being independent of the second-mentioned slid 
ing fit and one of said casing means and plunger 
structures being Sectioned for permitting inde 
pendent Self-alignment of said plunger structure 
with respect to cooperating casing means struc 
ture at both of the fits. 

2. In a high pressure fluid pump the combina 
tion comprising, a casing having a bore and a 
relatively low pressure fluid passage communi 
cating therewith, bushing means seated in the 
bore having a plunger bore and a relatively low 
pressure fluid passage communicating between 
the last-mentioned bore and the first-mentioned 
passage, a plunger slidably fitted into said bush 
ing means in the vicinity of the last-mentioned 
passage, said bushing means having a section 
outwardly of the sliding fit radially spaced from 
said plunger, and means providing a substantially 
low pressure fiuid-tight seal between said bushing 
means Section and Said plunger to form a leakage 
chamber, said bushing means being provided with 
a venting passage communicating between the 
leakage chamber and the last-mentioned low 
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pressure fluid passage, one of said bushing means 
section and sealing means for permitting trans 
verse movement of said plunger to align said 
plunger with said bore. 

3. In a high pressure fluid pump the combina 
tion Comprising, a casing having a bore and a 
relatively low pressure fluid passage communi 
cating therewith, bushing means seated in the 
bore having a plunger bore and a relatively low 
pressure fluid passage communicating between 
the last-mentioned bore and the first-mentioned 
passage, a plunger slidably fitted into said bush 
ing means in the vicinity of the last-mentioned 
paSSage, Said bushing means having a Section 
outwardly of the sliding fit radially spaced from 
said plunger, and means providing a substantially 
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low pressure fluid-tight seal between said bushing 
‘means section and said plunger to form a leakage 
chamber vented to a low pressure fluid passage, 
said bushing means section comprising a sepa 
rable element having a substantially low pressure 
fluid-tight transverse sliding fit with the remain 
der of said bushing means providing for inde 
pendent alignment of said plunger in the bore 
and in the leakage chamber bushing means 
section. 

4. In a high pressure fluid pump the combina 
tion comprising, a casing having a bore and a 
relatively low pressure fiuid passage communi 
Cating therewith, a bushing seated in the bore 
having a plunger bore and a relatively low pres 
Sure fluid passage communicating between the 
last-mentioned bore and the first-mentioned 
passage, a plunger slidably fitted in' 3 said bush 
ing in the vicinity of the last-mentioned passage, 
a collar circumarabient of and radially spaced 
from said plunger outwardly of the sliding fit 
mounted in a substantially low pressure fluid 
tight manner relative to said bushing and for 
transverse movement relative thereto, and means 
providing a substantially low pressure fluid-tight 
Seal between said collar and said plunger to form 
a leakage chamber. 

5. In a high pressure fluid pump the combina 
tion comprising, a casing having a bore and a 
relatively low pressure fluid passage communi 
cating therewith, a bushing seated in the bore 
having a plunger bore and a relatively low pres 
Sure fluid passage communicating between the 
last-mentioned bore and the first-mentioned 
paSSage, a plunger slidably fitted into said bush 
ing in the vicinity of the last-mentioned passage, 
8. Collar circumambient of and radially spaced 
from said plunger outwardly of the sliding fit 
and having a substantially low pressure fluid 
tight transverse sliding fit with said bushing, and 
a fange on 'Said collar outwardly of the radially 
Spaced portion thereof having a substantially low 
preSSure fluid-tight sliding fit with said plunger 
to form a leakage chamber. 

6. In a high pressure fluid pump the combina 
tion comprising a casing having a bore and a 
relatively low pressure fluid passage communi 
cating therewith, a bushing seated in the bore 
having a plunger bore and a relatively low pres 
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sure fluid passage communicating between the 
last-mentioned bore and the first-mentioned pas 

, Sage, a plunger slidably fitted into said bushing 
in the vicinity of the last-mentioned passage, 
a collar circumambient of and radially spaced 
from said plunger outwardly, of the sliding fit 
and having a substantially low pressure fluid 
tight transverse sliding fit with said bushing, and 
a flange on said collar outwardly of the stially 



O 
Spaced portion thereof having a substantially 
low pressure fluid-tight sliding fit with said plung 
er to form a leakage chamber, said bushing hav 
ing a passage communicating between the leak 
age chamber and the last-mentioned low pres 
sure fiuid passage. 

l. In a high pressure fluid pump the combina 
tion comprising, casing means having a plunger 
bore therein terminating in an outward end, a 
plunger slidably fitted into the bore, a collar cir 
cumambient of and radially spaced from said 
plunger outwardly of the bore end, and means 
providing a substantially low pressure fluid-tight 
seal between said collar and said plunger to form 
a leakage chamber, one of said collar and seal 
ing means permitting transverse shifting move 
ment of said plunger to align said plunger with 
said bore. 

8. in a high pressure fiuld pump the combina 
tion comprising, casing means having & planger 
bore therein terminating in 83 outward end, 8, 
plunger slidably fitted into the bore, a collar cir 
cumambient of and radially spaced from Said 
plunger outwardly of the bore end and having 
a, Substantially low pressure fluid-tight trans 
verse sliding fit with said casing means, and 
means providing a substantially low pressure 
fluid-tight Seal between said collar and said 
plunger to form a leakage chainber. 

9. In a high pressure fluid pump the combina 
tio comprising, casing means having a plunger 
bore therein terminating in an outward end, 8, 
plunger slidably fitted into the loore, a collar 
circumambient of and radially spaced from said 
plunger outwardly of the bore end and mounted 
in a substantially low pressure fluid-tight man 
ner relative to Said casing means With an inter 
posed resilient gasket permitting relative trans 
verse movement, and means providing a substan 
tially low pressure fuid-tight Seal between said 
collar and said plunger to form 8, leakage cham 
ber, 

10. In a high pressure fluid pump the combina 
tion comprising, casing means having a plunger 
bore therein terminating in an outward end, a 
plunger Slidably fitted into the bore, a collar. 
circumambient of and radially spaced from Said 
plunger outwardly of the bore end and having a 
substantially low pressure fluid-tight transverse 
Sliding fit with said casing means, and a flange 
on said collar outwardy of the radially spaced 
portion thereof having a substantially low pres 
sure fluid-tight sliding fit with said plunger to 
form a leakage chamber. 

ii. In a high pressure fluid pump the combina 
tion Comprising, casing means having a plunger 
bore therein terminating in an outward end, 
a plunger slidably fitted into the bore, a collar 
circumambient of and radially spaced from said 
plunger outwardly of the bore end and a ring of 
resilient material fixed on one of said collar and 
Said plunger and having a substantially low pres 
sure fluid-tight sliding fit with the other to form 
a leakage chamber and provide for independent 
alignment of said plunger in the bore and in said 
collar. 

12. In a high pressure fluid pump the combina 
tion comprising, casing means having a plunger 
bore therein terminating in an outward end, a 
plunger slidably fitted into the bore, a collar 
circumambient of and radially spaced from said 
plunger outwardly of the bore end and having a 
Substantially low pressure fluid-tight seal with 
said casing means, and a ring of resilient ma 
terial on said collar outwardly of the radially 
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spaced portion thereof having a substantially 
low pressure fluid-tight sliding fit with Said 
plunger to form a leakage chamber and provide 
for independent alignment of said plunger in the 
bore and in Said collar, 

13. In a high pressure fluid pump the combina 
tion comprising, casing means having a plunger 
bore therein terminating in an outward end, a 
plunger slidably fitted into the bore, a collar 
circumambient of and radially spaced from Said 
plunger outwardly of the bore end and having 
a Substantially low pressure fluid-tight Seal With 
said casing means, and a ring of resilient ma 
terial on Said plunger having a substentially low 
preSSuare fluid-tight sliding fé in Said collar to 
form a leakage chamber and provide for inde 
pendent alignment of said plunger in the bore 
2nd in Said Collar. 

14. In a high pressure fluid pump the combina 
tion comprising, casing means having a plungei 
bore thereign terminating in an outward end, a 
plunger slidably fitted into the oore, a collar 
circumambient of and radially Spaced from said 
plunger outwardly of the bore end, Ameans pro 
viding a substantially low pressure fuid-tight 
Seal between said collar and Said plunge,' 80 form 
a leakage chamber, abutment, means on Said 
plunger outwardly of said collar and additional 
abutment means on said collar, and Spring Ameains 
confined between said abutment means holding 
said collar in a substantially filaid-tight, fit yih 
Said casing means. e 
... 15. In a high pressure fluid pump the combina 
tion comprising, a casing having a bore therein, 
a bushing seated in the bore terminating it. an 
outward end and having a plunger bore therein, 
a plunger slidably fitted into said bushing, a 
collar circumambient of and radially spaced from 
said plunger and surrounding the outward end 
of said bushing, said collar having a Substantially 
low pressure fluid-tight seal with said bushing, 
means providing a Substantially low pressure fiuid 
tight Seal between said collar and said plunger to 
form a leakage chamber, and interengaging means 
between Said plunger and said bushing in the 
chamber permitting sliding action of Said plunger 
in a predetermined angular position, said interen 
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gaging means Cooperating with said Sealing means 
to limit outward movement of said plunger rela 
tive to said collar. 

16. In a high pressure fuid pump the com 
: bination comprising, a casing having a bore there 
in, a bushing seated in the bore terminating in 
an outward end and having a plunger bore there 
in, a plunger slidably fitted into said bushing, a 
collar circumambient of and radially spaced from 
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said plunger and the outward end of Said bushing, 
said collar having a Substantially low pressure 
fluid-tight seal with said bushing, a flange in Said 
collar outwardly of the end of said bushing hav 
ing a substantially low pressure fluid-tight slid 
ing fit with said plunger to form a leakage cham 
ber, the outward end of said bushing in the cham 
ber having a substantially longitudinally extend 
ing slot therein and a guide pin on said plunger 
operatively disposed in the slot and COOperating. 
with the flange on said collar to limit outward 
movement of Said plunger relative to said collar. 

17. In a high pressure fluid pump a sub-as 
sembly comprising in combination a pump plung 
er, a leakage chamber collar circumambient of 
and radially spaced from said plunger, means 
between Said collar and said plunger spacing the 
latter from the former and permitting relative 
longitudinal movement of said plunger and said 
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collar, means on said plunger cooperating with 
said first-mentioned means to imit outward 
movement of said plunger relative to said collar, 
abutment means. On said plunger outwardly of said 
collar and additional abutment means on said 
collar, and plunger biasing means confined be 
tween said abutment means with said first and 
second mentioned means in engagement. 

18. In a high pressure fluid pump a sub-as 
sembly comprising in combination a pump plung 
er, a leakage chamber collar circumambient of and radially spaced from said plunger, a flange on 
said collar outwardly of the radially spaced por 
tion thereof having a sliding fit with said plunger, 
means on said plunger within said collar coop 
erating said said flange to limit outward move 
ment of said plunger relative to said collar, abut 
ment means. On said plunger Outwardly of said 
collar and additional abutment means on said 
collar, and a helical spring disposed about said 
plunger and confined between said abutment 
means with said movement limiting means in en 
gagement with said flange. 

19. In a high pressure fluid pump the combina 
tion comprising, casing means having a plunger 
bore, spring abutment means fixed relative to 
said casing means, a pump plunger in the bore, a 
helical spring disposed about said plunger bear 
ing against said abutment means, other abut 
ment means mounted on said plunger having a ta 
pered seating surface, and a bearing swive plate 
disposed between One end of said spring and said 
second-mentioned abutment means to attain bal 
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anced spring action and avoid cocking of said 
plunger: . . v. - 

20. In a high pressure fluid pump the combina 
tion comprising, casing means having a plunger 
bore, spring abutment means fixed relative to said 
casing means, a pump plunger in the bore, a heli 
cal spring disposed about said plunger bearing 
against said abutment means, other abutment 
means mounted on said plunger having a tapered 
seating surface, and a bearing swivel plate dis 
posed between one end of said spring and said 
second-mentioned abutment means and having 
a tapered contacting surface cooperating with said 
tapered seating surface to attain balanced spring 
action and avoid cocking of said plunger. - 

21. In a high pressure fluid pump the combina 
tion comprising, casing means having a plunger 
bore, spring abutment means fixed relative to said 
casing means, a pump plunger in the bore, a heli 
cal spring disposed about said plunger bearing 
against said abutment means, a collar slidably 
mounted on said plunger having a skirt radially 
spaced from said plunger and a tapered seating 
surface, a bearing swivel plate having a tapered 
contacting surface engaging the tapered seating 
surface of said collar with one end of said spring supported by said plate, said plunger having a 
shoulder within the collar skirt, and means con and between said houlder Adairie 
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mountably to fix said collar relative to said 
plunger. . . . . . 
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